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VERTICAL SHARPNESS ADJUSTMENT DEVICE AND TV RECEIVER THEREWITH 

BACKGROUND OF THE INVENTION 

Field of the Invention: 

This invention relates to a vertical sharpness adjustment device which provides a 
video signal (brightness signal) with a sharpness adjustment in vertical direction on a TV 
(television) screen and a TV receiver equipped with it, specifically to a vertical sharpness 
adjustment device which provides a vertical sharpness adjustment best suitable for 
viewer's requirement and a TV receiver equipped with it. 
Description of the Related Art: 

A sharpness adjustment has been known as one of functions a TV receiver is 
provided with. The sharpness adjustment is to enhance a contour of a picture in 
horizontal direction. When a contour of an object is enhanced, the object looks crisp. 
The object looks crispier to a viewer compared with a case in which the contour is not 
enhanced. In addition to the sharpness adjustment, the TV receiver is provided with 
following adjustment functions. 

Brightness: an adjustment to brightness 

Contrast: an adjustment to difference in brightness between black and white 
Color: an adjustment to depth of a color 
Tint: an adjustment to a hue 

In general, these parameters can be adjusted by a viewer to his/her requirements. 
The adjustments are made either with a knob on the TV receiver itself or with a remote 
controller referring to adjustment values displayed on the TV screen. 

Fig. 2 shows an example of display of the adjustment values displayed on the TV 
screen with the remote controller. Five parameters, i.e. BRIGHTNESS, CONTRAST, 
SHARP, COLOR and TINT, are displayed from top to bottom in Fig. 2. The display 
means that the five parameters, i.e. BRIGHTNESS, CONTRAST, SHARP, COLOR and 
TINT, are adjustable to the viewer's requirements with the TV receiver. 

It also means that BRIGHTNESS is currently under adjustment and a degree of 
BRIGHTNESS is 32. The viewer can set the degree of BRIGHTNESS to an arbitrary 
value within a range of 0*63, for example. In this way, the viewer can choose best suitable 
values accordingly to his/her likings and/or reception conditions (intensity of airwaves and 
so on), regarding the five parameters mentioned above. 
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The sharpness adjustment function of a TV receiver is described in a following 
patent document. 

Kokai No. 10-93842. 
However, the viewer has not been able to adjust a vertical sharpness which 
5 enhances a contour of a picture in vertical direction with a conventional TV receiver. The 
vertical sharpness adjustment is to enhance the contour in vertical direction when the 
brightness of a video signal changes from black to white or from white to black, over a 
period of around 1H (one horizontal period). In this case also, an object looks crispier 
compared with a case in which the contour is not enhanced. 
10 The vertical sharpness adjustment has a positive effect to make the object look 

crispier on the one hand, but also has a negative effect to increase noise on the screen on 
the other hand. For this reason, performing the vertical sharpness adjustment in a weak 
airwave area or the like would result in severe noise on the screen, giving the opposite 
effect to what was intended. 
15 SUMMARY OF THE INVENTION 

This invention is directed to solve the problem addressed above and offers a vertical 
sharpness adjustment device having a terminal to which a vertical sharpness control 
signal given by a viewer is applied, a control circuit to which the vertical sharpness control 
signal from the terminal is applied and a vertical sharpness adjustment circuit which 
20 adjusts a degree of the vertical sharpness of a video signal according to the vertical 
sharpness control signal from the control circuit. 

BRIEF DESCRIPTION OF THE DRAWING 
Fig. 1 is a block diagram showing a vertical sharpness adjustment device according 
to an embodiment of this invention. 
25 Fig. 2 shows a display on a TV screen controlled with a remote controller according 

to a conventional art. 

Figs. 3A - 3D show waveform charts used to describe operations of the vertical 
sharpness adjustment circuit according to the embodiment of this invention. 

Figs. 4A — 4D show waveform charts used to describe operations of the vertical 
30 sharpness adjustment circuit according to the embodiment of this invention. 

Figs. 5A — 5D show waveform charts used to describe operations of the vertical 
sharpness adjustment circuit according to the embodiment of this invention. 
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Fig. 6 shows a display on a TV screen controlled with a remote controller according 
to the embodiment of this invention. 

Fig. 7 is a block diagram used to describe operations of a comb filter used in a TV 
receiver. 

5 DETAILED DESCRIPTION QF THE INVENTION 

Next, an embodiment of this invention will be described referring to Fig. 1. Fig. 1 is 
a block diagram showing a vertical sharpness adjustment device according to the 
embodiment of this invention. A vertical sharpness control signal given by a viewer of a 
TV receiver is applied to a terminal 1. The vertical sharpness control signal from the 

10 terminal 1 is applied to a microcomputer 2 which works as a control circuit. A video 
signal is applied to a video input terminal 3. 

A vertical sharpness adjustment circuit 4 is composed of a first 1H delay line 5 to 
delay the video signal by a period of 1H (one horizontal period), a second 1H delay line 6 to 
which an output signal of the first delay line 5 is applied, a first adder 7 which adds the 

15 video signal and an output signal of the second 1H delay line 6, an attenuator 8 to halve a 
level of an output signal of the first adder 7, a subtracter 9 to subtract an output signal of 
the attenuator 8 from the output of the first 1H delay line 5, a level adjustment circuit 10 
to adjust a level of an output signal of the subtracter 9 and a second adder 1 1 to add an 
output signal of the level adjustment circuit 10 and the output signal of the first 1H delay 

20 line 5. 

A control signal given by the viewer of the TV receiver is provided through the 
microcomputer 2 to a sharpness adjustment circuit 12 which performs a horizontal 
sharpness adjustment on the video signal. A signal processing circuit 13 performs a 
brightness adjustment and a contrast adjustment on an output video signal of the 

25 sharpness adjustment circuit 12 according to control signals from the microcomputer 2. 

A matrix circuit 14 generates each of primary color signals R, G and B by adding a 
video signal from the signal processing circuit 13 and each of R Y signal, G Y signal and 
B Y signal from terminals 15, 16 and 17, respectively. An OSD (On Screen Display) 
switch 18 switches between the primary color signals R, G and B from the matrix circuit 14 

30 and primary color signals R, G and B for a text signal from the microcomputer 2. 
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Each of the primary color signals R, G and B of a picture formed of the primary color 
signals from the matrix circuit 14, on which the text signal from the microcomputer 2 is 
superimposed, is obtained at each of the output terminals 19, 20 and 21, respectively. 

Next, operation of the vertical sharpness adjustment device shown in Fig. 1 will be 
5 described. The vertical sharpness adjustment circuit 4 provides the video signal with a 
sharpness adjustment in vertical direction. A degree of the vertical sharpness adjustment 
can be modified by adjusting an output level of the level adjustment circuit 10 with the 
control signal from the microcomputer 2. The vertical sharpness control signal given by 
the viewer of the TV receiver is applied from the terminal 1 to the microcomputer 2. 

10 Therefore the vertical sharpness adjustment can be controlled through the terminal 

1. The vertical sharpness adjustment has a positive effect to make the object look crispier 
on the one hand, but has a negative effect to increase noise on the screen on the other hand. 
For this reason, performing the vertical sharpness adjustment in a weak airwave area or 
the like would result in severe noise on the screen, giving the opposite effect to what was 

15 intended. 

Thus, the viewer can choose to provide slight adjustment or no adjustment on the 
vertical sharpness in the weak airwave area or the like. And the viewer can choose to 
provide more adjustment in a strong airwave area. By choosing a right amount of 
adjustment, the viewer can enjoy an effect of the best vertical sharpness adjustment. 

20 Next, operation in the vertical sharpness adjustment circuit 4 will be described 

using the waveform charts shown in Figs. 3 A - 3D. The video signal from the video input 
terminal 3 is applied to the second 1H delay line 6 after passing through the first 1H delay 
line 5. When the video signal at the video input terminal 3 is a video signal c shown in 
Fig. 3C, the output signal of the first 1H delay line 5 is a video signal b shown in Fig. 3B, 

25 and the output signal of the second 1H delay line 6 is a video signal a shown in Fig. 3A. 

The video signals a and b are assumed to be 100% black input signals. The video 
signals c and d are assumed to be 100% white input signals. The video signals a, b, c and 
d are continuous video signals. There is a transition from black to white between the 
signal b and the signal c. Such a transition is one of signal changes to which the vertical 

30 sharpness adjustment should be applied. That is to say, blackness for the video signal b 
in Fig. 3B is to be enhanced. And whiteness for the video signal c is to be enhanced. 
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Operations to enhance blackness for the black video signal b in Fig. 3B will be 
explained referring to the waveform charts in Figs. 4A - 4D. Fig. 4A shows the video 
signal b. Fig. 4B shows an average of the video signal a and the video signal c. The video 
signal b in Fig. 4A is obtained from the first 1H delay line 5, and the signal shown in Fig. 
5 4B is obtained from the attenuator 8. The first adder 7 adds the output signal a of the 
second 1H delay line 6 and the video signal c. The attenuator 8 reduces a result of the 
addition to half. Therefore, the signal shown in Fig. 4B is obtained from the attenuator 8. 
The signal shown in Fig. 4B is subtracted from the video signal b with the subtracter 9. 

A signal enhanced to more black (toward lower level) as shown in Fig. 4C is obtained 
10 as an output signal of the subtracter 9. Then, a signal with an enhanced blackness as 

shown in Fig. 4D is generated by adding the signal enhanced to more black (toward lower 
level) as shown in Fig. 4C and the video signal b with the second adder 11. Note that the 
signal after the enhancement is negative because the video signal b is a complete black 
signal in this case. 

15 Strength of the blackness-enhanced signal shown in Fig. 4C can be changed by adjusting a 
level of the output signal of the subtracter 9 with the level adjustment circuit 10, thus the 
degree of vertical sharpness adjustment can be modified. 

As described above, the video signal b shown in Fig. 4A is converted to the signal 
shown in Fig. 4D, and the blackness is enhanced. 

20 Next, operations to enhance whiteness for the white video signal c shown in Fig. 3C 

will be explained referring to Figs. 5A — 5D. When the video signal at the video input 
terminal 3 is a video signal d shown in Fig. 3D, the output signal of the first 1H delay line 5 
is the video signal c shown in Fig. 3C, and the output signal of the second 1H delay line 6 is 
the video signal b shown in Fig. 3B. Fig. 5 A shows the video signal c. Fig. 5B shows an 

25 average of the video signal b and the video signal d. Similar operations take place in the 
whiteness enhancement as in the blackness enhancement. The signal shown in Fig. 5B is 
obtained from the attenuator 8. The signal shown in Fig. 5B is subtracted from the video 
signal c with the subtracter 9. A signal enhanced to more white (toward higher level) as 
shown in Fig. 5C is obtained as an output signal of the subtracter 9. 

30 Then, a signal with an enhanced whiteness as shown in Fig. 5D is generated by 

adding the signal enhanced to more white as shown in Fig. 5C and the video signal c with 
the second adder 11. Strength of the whiteness-enhanced signal shown in Fig. 5C can be 
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changed by adjusting a level of the output signal of the subtracter 9 with the level 
adjustment circuit 10, thus the degree of vertical sharpness adjustment can be modified. 

As described above, the video signal c as shown in Fig. 5A is converted to the signal 
shown in Fig. 5D, and the whiteness is enhanced. 
5 As described above, the transition from the video signal b shown in Fig. 3B to the video 
signal c shown in Fig. 3C is replaced with the transition from the signal shown in Fig. 4D 
to the signal shown in Fig. 5D, due to the work of the vertical sharpness adjustment circuit 
4. 

An output video signal from the vertical sharpness adjustment circuit 4 is applied to 

10 the sharpness circuit 12 which performs the horizontal sharpness adjustment, and then 
applied to the signal processing circuit 13 which performs the brightness adjustment and 
the contrast adjustment. Information on the amount of adjustment tailored to the 
viewer's liking is provided from the microcomputer 2 to the sharpness adjustment circuit 
12 and the signal processing circuit 13. 

15 A video signal adjusted to the viewer's liking is fed to the matrix circuit 14 as a Y 

signal accordingly. The matrix circuit 14 generates each of the primary color signals R, G 
and B by adding the Y signal and each of the R Y signal, the G Y signal and the B Y signal 
from each of the terminals 15, 16 and 17, respectively, and provides the OSD switch 18 
with the primary color signals. 

20 The OSD switch 18 switches between the primary color signals R, G and B from the 

matrix circuit 14 and the primary color signals R, G and B for the text signal from the 
microcomputer 2. The microcomputer 2 generates text information to display contents as 
shown in Fig. 6 on the TV screen. The microcomputer 2 includes a character generator. 
A degree of the control signal for the level adjustment circuit 10 is displayed as V-SHARP 

25 of a value of 3 on the fourth line on the screen, as shown in Fig. 6. To change the value of 
3, the viewer only needs to modify the control signal for the vertical sharpness adjustment 
applied to the terminal 1. Then the microcomputer 2 modifies the degree of the control 
signal for the level adjustment circuit 10 and generates the text information to display a 
modified value of V- SHARP at the same time. 

30 Each of the primary color signals R, G and B of the picture with adjusted vertical 

sharpness, on which the text signal from the microcomputer 2 is superimposed, is obtained 
at each of the output terminals 19, 20 and 21, respectively. 
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Fig. 7 shows a comb filter which separates a composite video signal into a brightness 
(Y) signal and a chroma (C) signal. The composite video signal is applied to an input 
terminal 30. 

Each of a 1H delay line 31 and a 1H delay line 32 delays the composite video signal by a 
5 period of 1H. Each of an adder 33, an attenuator 34 and a subtracter 35 makes similar 
operation as each of the adder 7, the attenuator 8 and the subtracter 9 in Fig. 1, 
respectively. Phase of the chroma signal is inverted once every 1H, while phase of the 
brightness signal is not inverted. Therefore, after subtraction with the subtracter 35, the 
brightness signal is eliminated by compensation, while the chroma signal remains. 

10 When the chroma signal from the subtracter 35 is halved with an attenuator 37 and 

added to the composite video signal with the adder 36, the chroma signal is eliminated by 
compensation and only the brightness signal is obtained this time. The comb filter shown 
in Fig. 7 has a structure and makes operation similar to the vertical sharpness adjustment 
circuit 4 shown in Fig. 1. With this being the case, each of the 1H delay line 31, the 1H 

15 delay line 32, the adder 33, the attenuator 34 and the subtracter 35 is used also as each 
counterpart in Fig. 1 in this embodiment. By doing so, expensive 1H delay lines can be 
saved and number of elements can be reduced. 

The vertical sharpness adjustment on the video signal is made possible with the 
vertical sharpness adjustment device of this invention. The degree of the vertical 

20 sharpness adjustment can be adjusted to the viewers liking so that the viewer can be 
benefited from the effect of the best vertical sharpness adjustment. 

Also the viewer can adjust the degree of the vertical sharpness adjustment watching 
the value indicating the degree of the vertical sharpness adjustment on the TV screen, 
according to the vertical sharpness adjustment device of this invention. Furthermore, the 

25 1H delay lines and other circuit blocks in the vertical sharpness adjustment device can be 
shared with the comb filter to separate the composite video signal into the brightness (Y) 
signal and the chroma (C) signal. 
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